PRIMER EXPRESS®

VERSIONS 1.5 AND 2.0

This tutorial has been prepared by the Computer Support Group of the National
Institute of Environmental Health Sciences and is intended for use by employees
and contractors with NIEHS. Although descriptions and recommendation appear
to be in compliance with the guidelines set forth by Applied Biosystems for the
use of Primer Express®, neither Applied Biosystems nor its employees are
responsible for the contents of this tutorial.

The appendices in this tutorial were taken from the installer disk for version 1.0 of
Primer Express® and from a tutorial provided by Applied Biosystems and are
reproduced with their permission.



Introduction

Primer Express® is a primer design program from Applied Biosystems that also
allows for an easy design of compatible TagMan® probes, for use in real-time
PCR or end-point PCR analyses. It can also be used for the design of primers
alone when the user expects to analyze samples with SYBRGreen® only. It will,
therefore, be assumed that anyone taking this class is already familiar with the
concepts behind real-time PCR and the relative advantages and limitations of
using TagMan® probes or SYBRGreen®. Primer Express® exists in a version 1.5
for use on a Macintosh platform and a version 2.0 for use on a PC platform. Only
very minor differences exists between the two versions and these should be
noted during the class.

By the end of this class, the users should be able to design primers and probes
for their sequences of interest. They should also be able to identify and use the
different documents (search routines) available within Primer Express® and the
annotation tools that can be used to limit their searches. Finally, they should be
able to understand how the default parameters, which define the searches, might
be adjusted for more difficult sequences.
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A Quick Start

Initiating a new Primer/Probe search for Tamra-quenched
probes.

Activate TagMan® Probe & Primer Design

1. After opening Primer Express, From the File menu choose New

2. Slide to the right and from the cascading menu choose TagMan® Probe &
Primer Design.

E Primer Express 2.0

File Edit Options Window Help

DA PCR Document Chrl+1
RT PCR Document Chrl+2
Qpen... @i Mested PCR, Document: Chrl+3
S Allele Specific PCR Document Chrl+4
Close ChrlF Mulkiplex PCR Document Ctr+5
Save CElS TaqMan® Probe & Primer Design Ctrl+6
Save s, Cyele Sequencing Document; Chrl+7
Sequencing Primer Docurnent Ctrl+8
POt s Batch Processing Document Chrl+3
gt Erimer Test Document Ctrl+0
Print Setup, ., TagMan® MGE Probe & Primer Design
Bririt. . ChrlA-F Taqian® MGE Probe Test Document
Send fail U |
Exit




This will open up the TagMan® Probe search screen at the Sequence tab.

EPrimer Express 2.0
File Edit Options Mindow Help

=T

SequenceT Params TR}{nCnndT Primers T Map T Recipe T Results ]

o' File Hame INo File Loaded Import DA, File. .. I

Length Obp. Selection to [” Double Skanded W Limit 3 G+C [ ppl

P S 0 P PO PO o P o P (B S B S S B

To load a DMA file, click the 'Import DNA File' button. d

A probe | B

Sequencetab | *| »
opens by default. .zl ses

Forward Primer

ORF e Tm = ®GE = Start = Length =

I S3uTa Reverse Primer

Tm = RGE= Start = Length =
TagMan® Probe
Tm = LGC= Start = Length =

To load a ONAfile, click the “Import DOMNAFile' button. To enter data from the keyboard, begin twping.



Introduce a target sequence

Note: Although not officially documented, longer sequences (>3,000?) have
been observed to yield less-than-optimal primer/probe sets or (>10,0007)
no sets, at all. Sequences of 300-1,000 bases typically yield
abundant, optimal sets.

There are two methods for bringing a target sequence into the TagMan® probe

screen:

* Copying and pasting a sequence from another document.

* By importing it.

Copy and paste

To copy the sequence:

1. Select the nucleotide sequence from a Word or Text document.
See the example of the Notepad file NM_006119 below.

2. Highlight the nucleotide sequence

3. Copy it onto the computer’s clipboard. From the Edit menu choose Copy.
Keyboard shortcuts: Control(Ctrl)+C in Windows

Command(38)+C in Macintosh.

-loix

Highlight
nucleotide
sequence.

ile Edl_t Format  Help

Undo Chrl+Z

Cut Chrl+3

Paste %Ctrlﬂ'

Delete Del
Find... Chrl+F
Find Mext  F3

Replace... Ctr+H
GoTo.,  Ctri+a

Select all - Ctri+a
Time/Date FS

[ —

g
a
a
a

318..704 A
Snote="FGF; Region: Fibroblast growth factor”

321..704

Snote="FGF; Region: acidic and basic fibroblast growth
factor family"

461

Sallele="C"
sallele="T"
Jodb_xref="dhsmP:1048331"

a 341 ¢ 307 g 179 t

Do not include
extra text or
numbers.




Note: The numbers and/or annotations are okay but do not include extraneous
information, such as the description of the sequence.

Primer Express 2.0

Eile | Edit Options window Help

To paste the sequence:
1. Return to the Primer Express window.

~H

2. Select the Sequence tab (if it is no longer active). k-
Sels Cop sbrl+
3. Paste the sequence. From the Edit menu choose RIS Copy Carnplere
Paste. gm
Keyboard shortcuts: Control(Ctrl)+V in Win. v Sclect 4
Command(3)+V in Mac. [
i
=
| _ORF
=  Show Page Breaks
| Show Clipboard

Preferences...
Define Penalty Score. ..

B8 primer Express 2.0 ==

File Edit Options Window Help

=

AR | (Gequence | Params | RwnCond | Primers | Map | Recipe | Results |
k| & :
Select| Erazer | W Fie Name [No File Loaded rL DI i The pasted sequence
AroTTT| e | Length 1020bp.  Selection 1t 1020 [ Double Skanded ¥ Limit3 G+C i . .
v T will appear in the
Probe || Exclude — — __4
T ot
o i Sequence screen. It
Forward| FFri .
Erimer ﬁzw o automatically replaces
— | .
e ety i any text already in the
HetFhe 350 screen.
ORF Ling 400
Saus
| SuE 450
hrction|  Site s00
T = 550
600
650
700
Taghan® Probe: ; 0
Forward Primer | goo0
T 0 850
Tm = EGC = Start = Langth = GATI [ =]
Rewvers e Primer G =7 350
TTTTTTTTY 1000
Tm = LGC = Start = Length = 10z0
TagMan® Probe
Bnu.
Tm = R%GE = Start = Length =

Note: The annotations may have changed.




Import the nucleotide sequence

Instead of copy and paste, a sequence can be Imported into Primer

Express:

Note: The sequence must be in a tab-delimited text format.

1. Click the Import DNA File button near the top of the Sequence

page.

The Open file window will appear.

Navigate to the folder that contains your sequence.

Select the file and choose Open

E Primer Express 2.0
File  Edit

Cptions  Window  Help

ﬁ TagMan® Probe #1
Sequence T Params T Rxn Cond T Primers T Map T Fecipgs
mi’ File MName INo File Loaded Irmport D KA File. . I
Length Obp. Selection o I™ Double Stranded W Limit 3 G+C [ ppT
(A T T T 3 (S e Lo 1 Y e L e Ly
To load a DNA £ile, click the 'Import DNA File' button. _:j
T agkan® Probe/Primer Data
Forward Primer
Tm = %GC = Start = Length =
Rewvers e Primer
Tm = %GE = Start = Length =
TagMan® Probe
Look in: ];_ﬂ PrimerE xpress ;_I - cf EB- | =1

Teload | ") Images

MM_006119,bxk

File harne:

JHM_005119 1t

Open I

Files of type: IAII Feadabls files [*.dna;® tut:*.ab1

- ahi) ;i Cancel |

Import button

Note: Before importing, remove all extraneous information from the file so it
contains only the sequence. The numbers and/or annotations are okay. If
the text is in a GenBank, EMBL, FASTA, GCG, or ASCII format,

descriptive information will automatically be removed.




Save a sequence

The sequence can be saved in the Primer Express | Ele Edt Options indow Help

Archive Folder. (This is the default folder and cannot be e g *robe;
changed.) Open... O
Open Resulks, ..
Close ChrlHi
1. From the File menu choose SaveAs. Save Chrhs
Irmpott... ! e
Bl e

The Save Document window appears.

2. In the Document Name 8 Primert - .
field type the name for _- rimerExpress 1. B

this sequence

Save Document using:

3. The User Name field will
specify the Primer
Express Archive Folder. [%

zer Mame: ]Name
4. Select the Save button

[D'ocument Mame: Mo File Loaded Taghian® Frobe

Save Cancel

The subsequent file will also specify that it was created for evaluation in the
TagMan® Probe and Primer Design document.




Start the Primer/Probe Search

Generate acceptable primer/probe sets for the sequence

1. Select the Sequence tab (if it is not already active).

2. Verify that the box labeled Limit 3’ G+C, at the top of the Sequence
page, is checked.

Mac Users: Version 1.5 is unchecked by default

Win Users: Version 2.0 is checked by default.
3. Check the Limit 3’ G+C box if it is not checked.

B TagMan® Probe #1 k =10 x||

Sequence | Params | RunCond | Primers | Map | Recipe | Results |

m' Fil= Name ]Nu File Loaded mpart B A File ]
Length 1020bp. Selaction 1o 1020 [ Doublz Strande ppT
T -

4. From the Options menu choose Find Primers/Probes Now
Keyboard shortcuts: Control(Ctrl)+=in Win.
Command(3)+= in Mac.

m Primer Express 2.0

File Edit | Options Window Help

Turn AutoFind OR
Find PrimersiProbes Mow

R“ £  Hide Annotation Tools
(Select | Er:  Hide Primer Data
ATGTTTH AFE Show Inkerim Resulks
Probe || B Do Primer Secondary Struckure

— || . Hide Status Bar
Forveard) FPr
Primer || 2 Copy Page To ‘Window




View the generated acceptable primer/probe sets.

The generated list contains up to 200 primer/probe sets. Only one of
the suggested sets is displayed on the Sequence screen.

There are two(2) ways to immediately view the selected primer/probe set
on the Sequence screen.

Primer Express 2.0

File Edit Options Window Help

ol

M Sequence T Params T Rxn Cond T Primers T Map T Retcipe T Results ]
k|| &
S';?E;E:t' £ o' Fils Hame [No File Loaded ot DI Eile
ATETTT| AreFH Length 1020 bp. Selection 410 to 47f [ Double Stranded W Limit 3’ G+C [ pp
......... e S0 T U B L B amr A Do o o LA o o el A (P o A P ok ] B S G o
Rrobe  Beck GOGGCGOGED GAGCACGACG TTCCACGGGA COCGOGGAGE CGCGTCGTGA 50 ]
F;\;:'ﬂ F"".’“ TCGCCGOCGG COTCCCGCAC CCGCACCCTC TOCGCTCGCG CCOTGCTCAG 100
Friver | _3'End CBCGTCCTEC CGLGGCGGCC CGCGGGACGG CBTGACCOGC CGGGCTCTCE 150
+— | 4 GTGCCCCGGG GCCGOGCGCC ATGGGCAGCC CCOGCTCCGC GCTGAGCTGE 200
e CTGCTGTTEC ACTTGCTGGT CCTCTGCCTC CAAGCCCAGE TAACTGTTCA 250
ST T GTCCTCACCT AATTTTACAC AGCATGTGAG GGAGCAGAGC CTGGTGACGE 300
HetFhe ATCAGCTCAG CCGCCGCCTC ATCCGGACCT ACCAACTCTA CAGCCGCACC 350
g A LGCGGGAAGC ACGTGCAGST CCTGSCLAAC AAGCGCATCA ACGCCATGGC 400
—p— Sa}fa AGAGGACSCIER COTGEAGACG GACACCTTTA 450
Jnctinl|  Site GAAGCHZAGT TCOAGTCCGA GRAGC CGGGCCTOTA CATCTGCATE 500
- LACLLGRAGG GGLAGCTGAT CGCCALGAGC BACGGCALLG GUAAGGACTG 550
CGTCTTCACG GAGATTGTGC TGGAGAACAA CTACACAGCG CTGCAGAATG 500
= Il i I i '?DD
Tagh an® Probe/Primer D ata
Forward Primer ;TCcC 750
CGACCCCTTCGCARAGCT TG &00
Tm= &0 EEC = 61 Start = H0  Length = 14 |LCC ga0
Reverse Primer CTG s0n
GECTCCTOGGACTCGALCTC GGT 950
Tm = G0 HGE = G5 Start = 475 Length = n ITTT looo
TagMan® Probe 10zZ0
TCGTGGAGAC GHACACCTTTERALG
Tm = [ LEC = Eili] Start = 430 Length = 5 K
1% vi S
vView on sequence screen
The Forward Primer is indicated by
the Blue arrow pointing to the right.
AGCGGLALGE AEMGT CCTGGOCAAC BAGCGCATCA ACGCCATGE 400
Ef CGTGFAGACG GACACCTTTG 450
"""""" CGGECCPTA CATCTGCATE s00
LACGGCAAAG GLAAGGACTG 550
CGTCTTCACG CAGATRGTGC TGGAGLACAL CTACACAGRG CTGCAGALTE &00
¥ \
The complement of the Reverse The Probe is indicated by the Green box.

Primer is indicated by the Blue arrow
pointing to the left.

Note: The reverse strand can be displayed by checking the Double Stranded
box at the top of the Sequence page.




2" view on the Sequence screen

TagMan® Probe/Primer Data window located elsewhere on the screen.
This window displays the same primer/probe set highlighted on the screen
and includes some relevant parameters.

Forward Primer | )
Reverse Primer <:
Prove [

T aghan® ProbedFrimer Data
Forward Primer

CEACCCCTICGCARMGCT

Tm = &1 EGC = 1 Start =
Reverse Primer

GGCTCCTCGGACTCGAACTC

Tm = Gl RGC = it Start =
TagMan® Probe

TCGTGEAGACGRACACCTTTGRALG

Tm = i) EGC = ] Start =

H0  Length = 12
478 Length = 20
430 Length = 5

more detail in Appendix A.

Note: The Theory of Operation by which these sets were selected is explained in




View the entire list of primer/probe sets
The entire list of primer/probe sets is under the Primers tab. Up to 200 sets

are available.

H Primer Express 2.0

Primers tab

File Edit Options Window Help
The screen may be too narrow =1of x|
to ylew more than the Forward HErETe = Map | Re
Primer members of the sets. :
"t th r. htt . Forward Primer
Scroll to e nghtto view Slari ot oo c
Reverse Primers and Probes. E s

4o 17 ]

10 h ford Fnl

Click on labels to sort by that <
column.

The selected primer/probe
set on the Sequence

screen is highlighted here. /

TaqMan® Probe/Primer Data
window is still visible and
displays highlighted set. For
more information on this
window, see page 9.

40 12 Gill fi1
4o 18 1] fi1

2yl ] 5
Tagtdan® Probe/Primer Data
Forward Primer

CEACCCCTTCGCAMLGCT

Tm = B0 EGC = 61 Start =
Reverse Primer

GECTCCTCGGACTCGALCTC

Tm= &0 %GC = fif Start =
TagMan® Probe

TCOTGEAGACGGACACCTTTGGALLG

Tm = R RGC = SE Hart =

410

476

430

COACCCCTTCGCARAGE

G5 CGACCCCTTICGCAMMGE
G5 CGACCCCTTICGCARAGE
40 12 Gl 1

CGACCCCTTCGCAMMGET

CGACCCCTTCGCAMMGET
COACCCCTTCGCAMGET

Length =

Length =

Length =

13

20

24

| 420

W 88 55 ATCGTGGAGACGGACACCTT | -
4| >

Order... Savellat . Dizplay...
7

Ataotal of 200 pimer pairs found. Click any entry in Mo select it. Details in Pimer Oat: 4

To select a different Pr

v d

Scroll to the right to view Reverse
Primers and Probes.

imer or Probe click on it.

The TagMan® Probe/Primer Data window will change to reflect the

new choice.

The Sequence Screen will also change to reflect the new choice

Note: Any of the sets in this list will have passed the screening parameters
(filters). Don’t consider the first set chosen to be the only or best option.

10



Get information for ordering a sequence

The Order Button

374 17 ] 80 GGCCAMCAMGCGCATCA :
T4 17 '] 50 GGCCAMCAMGCGCATCA T
< | 4
/' Order... Save List.. ] Display... ]
—_—
Atotal of 2 er pairs found. Click amy entry in the list to selact it. Details in Pimer Data ’_|

The Order... button at the bottom of the Primers page will display a text
file describing the highlighted primers and probe from which the
sequences can be copied and pasted into another text document.

a Examplel Order _|_ . =10l =

&

Please syntheszize the following oligos for me and bill my account:

Mame: Mo File Loaded-410F
Sequence: CGACCCCTTCGCALALGCT
Copy and PaSte Name: Ho File Loaded-476R

any sequence ——» e

and the TagMane® probe:

Name: Ho File Loaded-430T
Sequence: TCGTGRAGACGGACACCTTTGGALG
Thanks wery much,

Nane

11



Results tab

This screen lists all the members of the highlighted set with some more
detail than the TaqMan® Probe/Primer Data window.

EPrimer Express 2.0
File Edt ©Options ‘Window Help

-1ojx]
SequenceT Farams TRxnCnndT Primers T hap T Recipe T Results

Sequence: Mo File Logaded User:  Hame Date: 02202002

Fonward Primer: !EE&EEEETI‘EEEM.&EET

Hybridizing at: [~ 410 to [ & Tm =

Rewerse Primer: il:—rrl:Tt CTEGRADTE RARDTE

I G0
Hyhbridizing at: I 476 to I 457 Tm = I G0
I 63

Probe e . > i’rtl:—'rm;al:—atc—l:—atattmc-mu
Hybridizing at: I 430 ta [ asa Tm =

Results tab is useful because the primer and probe sequences can be

copied from this page and pasted into other documents for records or for
ordering them from other suppliers.

Note: The probe is incorrectly labeled Cycle Params:.
Also the data on the bottom half of the screen has been cut out of this
picture because it is not useful for the present version of the software.




Design guidelines

Because most of the previously recommended guidelines (Appendix B)
are now incorporated into the software, only one significant adjustment
must be made.

Proposed probe composition

A.
B.

o

By default, the probe displayed is on the forward strand.

The complement probe will have the same annealing temperature and
would fit most of the same filters.

. The Probe with more C’s than G’s will perform better.

Count the nucleotides to determine which probe has more C’s.
Only choose the complement if it does not have a G at the 5’ end.

13



Restricting a search

Facts:

* Only 200 sets can be listed under the Primers tab.

* Possibly many more passed all of the default filters but could
not be displayed in this abbreviated report.

*  You may want to limit the search to distinguish mRNA from
gDNA, to distinguish a particular gene from a family of
similar genes, or to include genes from multiple species, for
example.

Conclusion:

You may want to add custom restrictions to the filters to better
refine your search.

14



Annotation tools

1. Select the Sequence tab.

2. The Eight(8) Tool buttons are visible to the left of the TagMan®
Probe window.

Select the

Sequence Tab Ei\e Edit Options Window Help

il

1 [ Params [ RencCond | Prmers | Map | Recipe | Results |
W File Name [No File Loaded Import DN File.. |
Length Obp. Selection to I” Double Shanded W Limit3' G+C T ppl
.

(b e T L L L TR, SR Lol
To load a DN& file, click the 'Import DNA File' button. -

Annotation Tools =<

To load 2 DN file, click the ‘Import DNA File’ button. To enter data from the keyboard, begin typing 4

Note: A more complete description of the tools is included in Appendix B of this
document.

15



Using the tools

1. Press the button of the desired tool
2. Highlight the corresponding site or sequence.

Useful tools for TagMan® searches are:

==

@ The Junction button can be used to specify a location across which a
probe must be located. For example, placing a probe across an intron
junction will prevent genomic DNA from being amplified in conjunction with
mRNA.

Sauza

site | The Site button can similarly be used to identify a particular location
(including an intron junction) but does not impose the probe restriction. A
short description can be entered at the designated site.

Exuk:] The Exclude button can be used to designate a region of the sequence
which the user does not want to be included in the search for primers or
probes.

_tine | The Line button can similarly identify a sequence of interest without
imposing any restriction on the primer/probe search.

—l-| #— | ATGTTT|

Prier | Primee| Probe | The Forward Primer, Reverse Primer, and Probe buttons can be
used to specify any one of the corresponding oligonucleotides. Typically,
they might be used to “lock in” one of the components from the initial
search, that is at a desirable location, to generate a list of sets with other
components that would be compatible with it.

&
Eraser] The eraser can be used to remove any of the Ele | Edic Options Window  Help
previously placed annotations. — £
Sele  Copy Chrl+C
ATET Copy Complement
Note: If there are several annotations and the user wants to e Select 40 Cuke
remove all of them, from the Edit menu choose Clear |+ Ik iy
. Frie  Eind Sequence... Chrl+F
All Annotations. [ererl ErdTarieh CtrlaT
n%t:; Find and Exclude. .. Chrl+E
=g Show Page Breaks
it Show Clipboard

Preferences. ..

Define Penalty Score. ..

1A




Opening some of the Filters

If the initial search does not return any acceptable primer/probe sets, it
may instead be necessary to alter or ease some of the restrictions on
their design.

WARNING: The default parameters were designed to provide the optimal
designs and should not be altered without considering that doing so
will be likely to yield less-than-optimal primers and/or probes.

Limit 3° G+C” box

Deselect the Limit 3° G+C” box located at the top right of the
Sequence page

Note: Performing a search without having this limitation is likely to
yield some primers with more than two G’s or C’s in the final five
bases at the 3’ end of the sequence.

Outcome: Three G’s or C’s may still be acceptable, particularly if they
are not sequential and/or they are not at the very end of
the sequence.

Avoid: Three or more G’s or C’s may facilitate formation of a GC
Clamp, which could interfere with the optimal function of
the primers, by facilitating primer-dimer formation, and
should be avoided.

17



The Params tab.

Many of the filter adjustments can be found under the Params tab

Primer Express 2.0

File Edit Options ‘Wwindow Help

ﬂ Examplel ]

=10i ||

Sequence Params TR}{nCnndT Prirmers T E]] T Recipe T Results ]

FPrimer Tm Requirements

Wvin Tm jit:] fulax Tm

laximal Tm difference

B. —’ Min % GC

a0 hEx RGC a0 ¥ GC clamp of 0 reziduss
FPrimer Length Requirements
C. —’ Mn length a  Max length 40 Optimal length 0
F Amplicon Requirements
D Min Tm o hiax Tm ]
* hin length | 50 hiax length 150
-

TagManE Probe Criteria
Taghtani®l Probe Tm must be

E. —’ i Taghan® Probe zhould not

taore Params ]

i

Frimer GC Content Requirements

gr\eaterthan PCR Primer Tm
begin vl

D

Optimal Tm <— A.

F

|

Defaults Factory Defaults ]

To examine primer pairs, click the 'Primers’ tab.

Annealing temperature (Tn): Although Applied Biosystems

nds that the annealing temperature (Tr) of

primers be left at 59° to maintain standard conditions, this page is
where the user could change this parameter.

GC requirements %GC: The GC content of the primers could be

t is not recommended.

nts: The length parameters could be adjusted

The Amplicon length can be changed.

Max Length: The 150 bp upper limit is intended to ensure that
the PCR will have close to 100% efficiency. If this limit

increased, it should be anticipated that the PCR

efficiency will be decreased.

Min Length: While it is unlikely that an amplicon could be
designed with less than 50 bp, this lower limit could also be
increased (for example to create a larger amplicon for
visualization on a gel) up to the Max Length.

A.
strongly recomme
B.
changed although i
C. Length requireme
although it is not recommended.
D. Amplicon Length:
were to be
E. Probe beginning:

their 5’ end.

Probes should not be designed with a G at

18



F. Probe Annealing Temperature: The annealing temperature of the
probe at 10° above the annealing temperature of the primers

should not be changed except when designing probes for allele
discrimination.

Rxn Cond and Recipe tabs

Although the parameters listed under the Rxn Cond and the Recipe
tabs may appear to be inconsistent with Applied Biosystems mixes and
standard reaction conditions, the user SHOULD NOT CHANGE any of
them.

Rxn Cond tab

ﬂ Primer Express 2.0

File Edit Cptions ‘Window Help

B Erample1 I 1Ol =|

SequenceT Params TRxnCnndT Primers T Map T Recipe T Resulis ]

PCR Enzyme: | AmpliTag® OMA Palymermse - I

Concentrations

Ternplate ONA: fpprox M= [ gz 10 [s EI
; 0.1 0D2E0 = 1 S0 ugsml = I 7.4 nhd

Forward Primer: Rl = 5463

0.01 00260 = 03 ugfml = I A0.00 nibd

Rewerse Primer: Rl = ELLD

0.0 00260 = 03 ugdml = l a0.0 nfd

Salt: i 500 mitd
hig++: 1 1.0 mhd

Defaults !

To examine primer pairs, click the *Primers’ tab.

A

Although they may appear to be incorrect, some of these values may
actually be modified and used in some of the calculations used by the
Primer Express software.

19



Recipe tab

File Edit Cptions Window Help

M=
Sequence | Params | Rwncond [ Primers [ Map | Recipe Results

Component (Stock Concentration) Yolume Final Concentration
Distilled watar 7853 ul

[ iox Buffer Stock 100 1%

[ 10 mtd dATP 20 200 10000

[0 mM d4CTR 20 [zoo 1oooo

[ 10 mtd dGTP 20 [ zo0 10000

[ 10 mn dTTF 20 200 10000

[~ 0 10000 Forward Primer 0.1 [Ts0n M

r_SD‘ 10000 Rewverse Primer 0.1 m rill

!_'E Ll Taq Palymerase 0.4 !-_Eg LimL

[ zmmM bgcl 3 40 [ 10 mM

[ 250 ugimi Template ONA 20 [ 5 ugml

[T %[ wgim w ] [Oserd 0.00 [0 ugiml

[ wam w] [Meert 0.00 [ 0 ugml
Reaction “Wolume m ulL Mumber Tubes [_1. Pipating Excess m k3
Protocol: | PCR Amplification - | Create Protosal... |

To examine primer pairs, click the 'Primers’ tab. 2

WARNING: Changing Rxn Cond or Recipe tabs can result in improperly
designed primer/probe sets. These pages will be eliminated in future
versions of the software to avoid confusion.
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The Map tab

The display under the Map tab illustrates the relative position of the
primers and probes listed under the Primers tab.

Compare a primer/probe to:

1. The position of any annotations that were put on the sequence
2. The T estimates along the sequence.

mPrimer Express 2.0
Eile Edit Options window Help

B Example1 B -0l x|
Sequence | Params | RwnCond | Primers | Map | Recipe | Results |
v TrPlaot [~ GCPlat

Tm 250 500 750 1000
G 8 e ey TR PN £ W T
50° 2T S Ll : e
5" J
] i
Location of /—/ s Select E
primer/probe set Twcen o Twesd elec
. primer/probe set
and T, estimates.
410 476
Tw=E i Tw=E 0
a0 476
TweEd  Twebd ‘J:"
JE ] ¢ |»
Atotal of 200 pimer pairs found. Click on any primer pair in the lower pane to select it. o

This feature can be used to scan through the sets to locate those that may
be in a region of interest or to identify a region that is likely to contain
acceptable sets, based on the calculated T, values, for a more limited
search.
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Documents

To locate other Documents, from the FILE menu choose NEW. Although a
more complete description of the documents is listed in Appendix D, the
majority of the documents currently listed under this menu are of little utility
for a TagMan® Primer/Probe search.

NOTE: Most document choices found on the FILE, NEW menu are not
useful for a TagMan® Primer/Probe search.

Useful Documents

TaqgMan® MGB Probe & Primer Design

This document is necessary for designing MGB probes.

It incorporates the influence on the Probe Tm that results from the MGB
“tail”.

Note: The complement may not have the same Tm.

DNA PCR

Users who anticipate using only SYBRGreen® are still encouraged to
design complete primer/probe sets. This prepares them for any future
decisions to use TaqMan® probes instead of SYBRGreen.

Using probe restrictions may occasionally prevent the search from
returning any acceptable primers. In this case, the DNA PCR Document
can be used to find only primers that pass the default filters.

1. Removes the probe restrictions from the search
2. Uses the same restrictions that have been set.

3. The Junction tool is located between chosen primers rather than
within a probe.
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Primer Test

Test potential sequences for primer or (non-MGB) probe consideration
by copying and pasting the sequence of interest into the Primer Test
Document.

To use the Primer Test document:

From the FILE menu choose NEW

Slide over and choose PRIMER TEST

Select the SEQUENCE tab

Highlight the Forward or Reverse Primer you wish to test
From the EDIT menu choose COPY (or COPY COMPLEMENT)
Place cursor in the Forward or Reverse Primer field

From the EDIT menu choose PASTE

N s~ Ddhd =

Primer Test document shows:

A. Tm
. 6C confont
C Length of the Primer Concentration: j—gﬁ nhd Salt: [—5[[ mit | ppT
Sequence entered_ Fonward Primer JI:I;MI:I:I:'ITI:I}E&AAI}I:T
D Potentlal Self— Tm = G097 EGEC = 1.1 Length = 18
complementarity. |
. . Tm = oe® EGEC = 1} Length = I}
E. Potential primer- "
dimer formation. Forward Primer
l?l
CGACCCCTTCGCAMLGCT
| U | |

4| |

=10l x|

ol

These could be severe enough to have eliminated the sequence
from consideration by one of the filters in the search program.

Note: This information could be used to adjust default filters
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The Primer Test Document can also be used to examine potential
probes by copying and pasting. To examine the probe complements:

1.
2.

Select the sequence of interest

From the EDIT menu choose Copy or Copy Complement from
the Sequence listing (for the forward or reverse sequence,
respectively) and Paste into the Primer Test Document.

TagMan® MGB Probe Test

The TagMan® MGB Probe Test Document incorporates the effect of the
MGB on the Tm of the probe.

To use the MGB Probe Test document:
1. From the FILE menu choose NEW
2. Slide over and choose TagMan® MGB Probe Test Document

1 d

o o A

7.

& TagManE MGB Probe Test #1 ? O] x|

Probe 1

Tm =

Probe 2

Tm =

Probe 1

GCCGCGCGCCATGEECAGCCCOCGCTCCGOGCTGAGCTGE

|||Iil|

100.2 LGEC = G245 Length = 40

Select the SEQUENCE tab from the MGB Probe & Primer
Design Document

Highlight the probe you wish to test

From the EDIT menu choose COPY (or COPY COMPLEMENT)
Place cursor in the Probe 1 or Probe 2 field

From the EDIT menu choose PASTE

FS

Il.'rE CLCGCEC AT GLARCCCCC I TCCEE EETE&EETEE'

e %460 = o Length = o

1|

24



Test a sequence

A sequence in either of these fields can be randomly tested.

1. Highlight a portion of it.

2. The Tm and other characteristics displayed correspond to the

highlighted portion.

5 TagMan® MGB Probe Test #1 R - 10| x|
Fy
Frobe 1 WEEEETEEEEEETE&EETEE
ITm= G557 EGECE = Th Length = 12
Probe 2 |
Tm = o= EGC = 1] Length = 1} s
Probe 1
1
CATGGGCAGCEE
|

1 |

Use an acceptable sequence

P Displays reflect only
the highlighted
portion of sequence

If an acceptable sequence is thus identified, Remove the remaining
sequence. From the EDIT menu choose TRIM.

nearest nucleotides.

Note: That the complement sequence probably won'’t have the
same Tm because the effect of the MGB is influenced by the

8. The chosen sequence can be “locked” into a search on the
MGB Probe & Primer Design Document, using the Probe
annotation tool, as described on page 15.
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Appendix A: Summary of Design Guidelines

TagMan Probe®:

1.

Keep the G-C content in the 30-80% range.

2. Avoid runs of an identical nucleotide. This is especially true for guanine, where
runs of four or more Gs should be avoided.

3. Do not put Gs on the 5’ end.

4.  Select the strand that gives the probe more Cs than Gs.

5 For single-probe assays, Tm should be 68-70°C when using Primer Express®
software.

Primers:

1. Choose the primers after the probe.

2.  Design the primers as close as possible to the probe without overlapping the
probe.

3. Keep the G-C content in the 30-80% range.

4. Avoid runs of an identical nucleotide. This is especially true for guanine, where
runs of four our more Gs should be avoided.

5. When using Primer Express® software, the Tm should be 58-60°C.

6. The five nucleotides at the 3’ end should have no more than two G and/or C

bases.
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Appendix B: Annotation Tools

The use of some of the Annotation Tools can affect what primer pairs are
returned by the program:

Target Tool:

Selecting a region with the Target Tool tells Primer Express to require that any
primer pair returned would result in the region being amplified. If a target has

been selected by the user, Primer Express tests each candidate primer pair to
determine if the target region is amplified. The number of such primer pairs is
shown in Interim Results as Number Passing Required Test.

Exclude Tool:

Selecting a region with the Exclude Tool tells Primer Express not to return any
primer pairs that would amplify any of the sequence marked as excluded. If a
region has been marked as excluded by the user, Primer Express tests each
candidate primer to determine if any excluded region is amplified. All primer pairs
that avoid excluded regions are tested further, and the number of such primer
pairs is shown in Interim Results as Number Passing Avoid Ignores Test.

Primer Tools:

The Forward and Reverse Primer Tools allow the user to specify one or both
primers by dragging through the sequence. Primers specified by the user do not
need to meet the criteria specified in the Params page. Users may also specify
just the 3' most residue of one or both primers using the F Primer 3' End Tool or
the R Primer 3' End Tool. Primer Express does test primers against the criteria in
the Params page when this tool is used, and, in addition, only examines
subsequences ending with the specified residue.

Junction Tool:

The Junction Tool can be used to require Primer Express to return only those
primer pairs where at least one primer of the pair crosses at least one juction in
the template. The usual use for this is to create primers that will only amplify
MRNA (or cDNA made from it) and not genomic DNA by marking the positions of
the exon junctions with this tool.
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Appendix C: Documents

The same basic steps are used for finding primers in each of the document types
supported by Primer Express, with variations based on the particular of the document

type:

RT PCR:

Finds primers exactly as does DNA PCR, the only difference being that RT PCR
documents look for and remove intron features in imported DNA sequences, and
mark their location with a Junction annotation.

Nested PCR:

Follows all the steps described above, but additionally examines each acceptable
primer pair to find those that nest within each other. All such sets, each made up
of an internal primer pair and an external primer pair, are returned to the user.

Allele Specific PCR:

Unlike any of the other Primer Express document classes, this document imports
alignments of sequences. The user can then mark which sequences in the
alignment should be amplified by any returned primers and which should not be
amplified. Primer Express then determines which residue positions discriminate
between sequences in the amplified set and those in the not-amplified set. A
normal primer pair seach then takes place, but each primer pair found is
evaluated to determine if it contains a discriminatory residue. The position of the
discriminatory residue in the primer is a criterion that the user can set using
Discriminatory residues must be within the last x residues from 3' end in the
Primer Composition Requirements. Only those primer pairs that contain
discriminatory residues within the specific region are returned to the user.

Multiplex PCR:

The goal of Multiplex is to find many sets of primers that can be used in the same
PCR reaction to amplify many different sequences simultaneously. The user can
specify any number of targets within a sequence using the Target Tools, or,
import multiple sequences, with the assumption that each of these sequences
should be amplified by one primer pair. For multiplex PCR to be accomplished
the primer pairs must meet all the usual criteria, but in addition, the Ty, values for
all of the primers in the reaction must be fairly close, and no primer dimer
reactions can occur between any of the primers in the reaction. In addition, the
amplified products of the various PCR reactions must differ from each other
enough in length that they can be distinguished by electrophoresis. Primer
Express finds multiplex sets that match these criteria by first finding all acceptable
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primer pairs for each of the targets, then testing every combination and returning
those sets that meet the criteria. A special criterion on primers in multiplex is the
Last four positions contain value, which, by requiring that all the primers have
lots of C's but no G's (or lots of G's but no C's, etc.) at their 3' ends, essentially
prevents the possibility of primer dimer. Other criteria include the Maximal Tp,
difference between sets value, which guarantees that all primer pairs in the
multiplex have similar Tn,s, and the Min spacing value, found in the Amplicon
requirements, which ensures that the amplicon lengths are different enough to
be distinguishable.

TaqMan:

The TagMan document returns sets composed of a primer pair and a TagMan
probe. Primer Express finds these by first finding all acceptable primer pairs,
using the standard criteria, and then finding TagMan probes that would hybridize
between the primer pairs. The user can set two criteria for the TagMan probes:
The minimum amount by which the TagMan probe T, exceeds the T, of the
primer pairs, and whether TagMan probes should be restricted from begining with
G. Primer Express tests candidate TagMan probes using essentially the same
methods used for candidate primers to determine T, to search for significant
internal secondary structure, and to determine whether the candidate probe has
significant sequence similarity to any other region of the sequence. Only those
candidate probes that pass these tests are returned to the user as TagMan sets.

Sequencing Primers:

Primer Express uses the same criteria to evaluate candidate sequencing primers
that it used to evaluate PCR primers. In addition, however, the user can specify
Primer Position Requirements to make certain that all primers returned are a
specified distance from the end towards which they prime.
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